Detrital zircon provenance studies that combine low-temperature fission-track and hightemperature U-Pb single-grain age dating are powerful in constraining sediment provenance by documenting the tectono-thermal evolution of the sediment source(s). We apply these techniques to Miocene (12-6 Ma) sandstones of the Hengchun Peninsula, southern Taiwan which, based on diametrically opposite palaeocurrents, have a controversial provenance. UPb grain ages range from Miocene (8 Ma) to Archaean (2.5 Ga). Cretaceous thermal cooling is recorded by detrital zircon fission-tracks at Loshui and Lilongshan. Permian fission-track grain ages account for <33% of zircon ages from Loshui, while at Lilongshan Jurassic/Triassic grain ages account for 33-66% of all zircon fission-track ages. Minor (<12%) Miocene age components are detected in both formations. These new data suggest that the primary source of these Miocene sediments was similar. A simple model is proposed invoking sediment reworking in this complex tectonic setting.
Introduction and Rationale
Sandstone palaeocurrents are widely used to infer different sediment source areas but this is rarely tested. A case in point is on Taiwan where Miocene sandstones of the Hengchun Peninsula show highly variable palaeocurrent directions (Sung & Wang, 1986) .
These have been interpreted as transportation from the north-northwest, from the southsoutheast and from west to east (Cheng et al., 1984; Sung & Wang, 1986; Chang et al., 2003) . Previous proposals to explain the palaeocurrent data have ignored complex currents in the depositional environment and suggest either an exotic source of sediment to the south (e.g. Sung & Wang, 1986) or that one of the units (Loshui) has been rotated during emplacement (e.g. Chang et al., 2003) . These sandstones form part of the developing accretionary wedge and it is widely known that the composition of accretionary wedge sandstones can be affected by plate tectonic processes juxtaposing terranes, by magmatic arc dissection, by local structure and by recycling of sediment in the accretionary complex (e.g. Critelli, 1993) . In these active tectonic settings, which are commonly characterized by elongated basins along orogenic strike, currents may be repeatedly changing and deflected or reflected by submarine topography. As a result, the use of palaeocurrents from these sediments to reconstruct for example, tectonic rotation (e.g. Chang et al., 2003) , can be misleading.
To highlight the importance of reconstructing palaeodrainage not just by palaeocurrent direction we characterise the source formation age structure and postmetamorphic exhumation history. Zircon is a relatively ubiquitous, robust detrital mineral that can be double dated using fission-track and U-Pb dating techniques. It has been widely applied to successfully discriminate between source area contributions and unravel hinterland evolution (Carter & Moss, 1999) . To test whether the palaeocurrent data have any real significance in the dynamic environment of an evolving accretionary complex and to resolve debate as to the origin of the sandstone material we applied detrital zircon dating techniques to Miocene sandstones of the Hengchun Peninsula, southern Taiwan in which highly variable palaeocurrent directions have been measured (Sung & Wang, 1986) .
Taiwan
The island of Taiwan is located at the boundary between the Eurasia Plate and the Philippine Sea Plate (PSP) (Figure 1 ). Subduction along the Manila Trench was initiated in the Oligocene/Miocene. The 4 km high Central Range of Taiwan, result from collision of the Luzon volcanic arc and South China continental margin since late Miocene -early Pliocene times (Teng, 1987; Kirstein et al., 2010) . The Hengchun Peninsula, southern Taiwan and offshore Hengchun Ridge form the present day accretionary prism, with accretionary wedge growth occurring both by frontal accretion, with sediments from the continental margin scraped up into the accretionary wedge (Liu et al., 2004) , and by underplating (Fuller et al., 2006) . Modern sands offshore southern Taiwan are lithic-rich and dominated by distinct geographic sources including the accretionary wedge, the Taiwan suture zone and the Luzon forearc basin (Yen & Lundberg, 2006) . Deep sea canyons and channels together with submarine topography associated with subduction and collision influence sediment routing.
Miocene Formations Hengchun Peninsula
The Hengchun Peninsula includes the narrow southern-most segment of the Central Range phenocrysts in a cryptocrystalline matrix. Quartz, plagioclase, hornblende and calcite grains are evident, along with a number of fossil fragments. Chlorite has pseudomorphed volcanic glass although the original form is preserved. Combining the petrography and the available palaeocurrent directions, which in the Lilongshan sandstones are from the northwest and in the Loshui sandstones from the southeast led some authors to propose (Cheng et al., 1984; Sung & Wang, 1986; Yen, 2003) , distinct origins for these sandstones.
To test for distinct sources, samples were collected from key localities of Loshui and Lilongshan sandstones (Figure 2 ) and, where possible, zircon grains were double dated using a combination of low-temperature fission-track and higher temperature U-Pb dating methods (see Supplementary material A for details). The selected Loshui sandstones were medium to coarse-grained and deposited in mid Miocene times (~ 10-12 Ma; Sung, 1991) .
Sample LS3 was from the lower part of the sequence with obvious sedimentary structures.
Sample LS1 was from the massive, upper part of the sequence. At Lilongshan, the sandstones were medium to course-grained with rounded to sub-angular mafic clasts.
Sample LL1 is stratigraphically younger than sample LL2. Deposition of Lilongshan sandstones occurred between 11 and 6 Ma (Huang et al., 2006) .
Previous thermochronology studies of Miocene sediments from the Hengchun
Peninsula are limited by a lack of zircon in the samples. Where fission-track analyses of detrital zircons have been provided the number of grains analysed was < 10 or not reported (Yen, 2003; Huang et al., 2008) as a result data deconvolution to identify principal sources is not possible although Miocene and Cretaceous peak components were reported by Huang et al. (2008) . To constrain potential sources more grain measurements are required. In addition, by coupling zircon fission-track (ZFT) and U-Pb dating techniques with petrology, the provenance can be further constrained by comparing formation ages with post metamorphic cooling histories. Tables 1 & 2, supplementary material DR Table 1 and Figure   3 . Significant variance in single grain ages i.e. mixed age populations (Galbraith & Laslett, 1993) was detected in all samples. Deconvolution into grain-age populations was performed using the Binomfit program (Brandon, 1992) . All samples have at least two significant grain-age populations (Table 2, Figure 3) . At Loshui the majority of zircon grains (>60%) generate a Cretaceous peak component (Figure 3) . LS3 from the base of the section has minor peaks in the Permian and Palaeocene, while LS1 also records input from a source with a Miocene cooling history ( Sources: Richard et al., 1986; Chung et al., 1995; Deschamps et al., 2000; Chen et al., 2001; Hsu et al., 2004; Chen et al., 2010. Data repository item 2. 
Results

ZFT age data are reported in
